mass (FM), soft lean body mass (SLBM), total body water (TBW), free fat mass (FFM), protein mass (PM), mineral mass (MM), target weight (TW), basal metabolic rate (BMR). Since both machines had different estimation formulas and measurement values, their absolute values may not be the same. The results of the body composition measurement analyzed by the two machines will be merged into the KoGES data. Prior to data integration, the potential inconsistency produced from the two machines should be detected and appropriate adjustments to overcome biases need to be undertaken [3] .
In this study, we examined whether body composition test values from different machines can be integrated by machine statistical adjustments and aimed to develop the statistical model for correcting potential biases.
We selected two cohort centers that were a cohort center that used Inbody 330 and another center that used Zeus 9.9. For two months from October 15 to December 14, 2007, the body compositions of the study participants in each center were measured twice by machine which were setup side by side. In center X, the subjects were measured first with machine A and then with machine B and in center Y, subjects measured in the reverse order with machine A and then B to avoid time bias. A trained nurse measured each subjects body compositions on the machine which was primarily used and then the second machine which was newly established for this reliability study. Both machines were connected to a computer and printer where the data was automatically stored and printed out.
Inter-rater reliability is defined as the degree to which different raters give consistent estimates of the same value [4] . To determine inter-rater reliability, we calculated the mean (standard deviation, SD) of the absolute values of the difference in the duplicated test results at each center and computed the Pearson's correlation coefficients as an index of inter-rater reliability. Fisher's Z-transformation p-values were computed to examine the difference in correlation coefficients of repeated test values obtained in both centers [5] . The correlation coefficient was interpreted as follows: < 0.25 = little or no reliability; 0.25 < 0.50 = fair; 0.50 < 0.75 = moderate to good; 0.75 = good to excellent [6] . Also, intra-class correlation coefficients were calculated to estimate inter-rater reliability regardless of the centers.
To identify whether the variables-age, sex, height and weight-known as the factors that affect the body composition [7] and their interactions affect differences in body composition values between two machines and choose which variables and their interactions are to be adjusted, we conducted multivariate linear regressions with interaction terms for age, sex, height and weight and each body composition value was measured on machine B for each outcome variable of each value measured in machine A. A p-value of factors and interaction less than 0.05 was considered significant. To construct simple and accurate models that could be applied to each body composition, we chose the common variables that were significant in all of the body composition. Because the models with significant interaction terms were increased the R 2 value to less than 0.1 and included interaction variables were different according to body compositions, models without interaction term were chosen. Finally, the three types of linear regression models for data integration were as follows: A total of 848 subjects participated in this reliability study. 410 subjects at center X were measured using machine A then B, and 438 subjects at center Y were measured using machine B then A. 68.6% at center X and 83.1% at center Y was less than 60 years old, and 74.4% at center X and 49.8% at center Y were females (Table 1) . Table 2 shows inter-rater reliability of the two repetitive values measured in the two BIA machines. All correlation coefficients of the nine variables that were PBF, FM, SLBM, TBW, FFM, PM, MM, TW, and BMR measured by the two machines at center X showed excellent reliability ( >0.75), however the MM at center Y showed fair reliability ( = 0.69). For Fisher's Ztransformation, the two correlation coefficients for MM and PM were significantly different (p < 0.0001) and the differences between the two coefficients were 27.9% for MM and 3.4% for PM. Although the p-values of Fisher's test on FM, SLBM and BMR were significant (p < 0.05), the difference between the two coefficients was less than 1.6%. In the aspect of intra-class correlation coefficients (ICC), all intra-class correlation coefficients except MM and PM presented reliability over 0.79 (for MM, ICC was 0.37 and that for PM was -0.18). The four empirical variables were significantly related to the nine body compositions (all p-values < 0.05) (Results not shown). Interaction of age and sex in each model was significantly related to the six body compositions except for TBW, MM and BMR. Age*weight interaction term was significant for seven body composition values except for TBW and TW and age*height was significant for only SLBM, PM, TW and BMR (all p-values<0.05) (Results not shown). Table 3 shows the R 2 values in each regression models using two repeated body composition values. All residual plots of regression models which presented residuals between the actual and predicted values showed that all were randomly distributed around 0 (Figure not 2 values for models with significant interaction terms (less than p-value 0.05) in the multivariate regression analysis such as age*sex, age*height or age*weight were increased but the degree was slight (less than 0.1) (Results not shown).
The scatter plots between the observed value from machine B (x-line) and the estimated value from the final equation 3 (y-line) and the equations were presented in Appendix 1. Between the observed and estimated values, most of the body composition components showed good correspondence, however PM and MM had each one distinct outlier, which did not show good correspondence.
This study evaluated the feasibility of integration of body composition values measured by two machines used in the KoGES by statistical compensation algorithm with good reliability. We found that most body composition values measured by the two machines had excellent inter-reliability ( > 0.75 and ICC > 0.8) and linear regression models that included the four empirical variables that were age, sex, height and weight to compensate for the discrepancy of the test values of the two machines had excellent R 2 values greater than 0.9. Except for PM and MM, most components of body composition showed excellent correlation. Most of the body compositions except MM and TW could be integrated in the equations using only BIA variable without adjustment of personal values. However, MM and TW could be integrated in the equations using BIA variable and the four control variables such as age, sex, height and weight, which showed excellent R-square value. Increasing variances after including height and weight might be caused by their effects and variations in TW and MM. However, considering low R square values in the equation using the BIA variable only and the degree of their improvement after including the four control variables in MM and TW, the BIA equations including age, sex, weight and height is necessary for integration of the all body compositions.
Differences in test values in the two machines were due to differences in method in calculating body composition. Though both machines use the BIA system, Inbody 330 calculates body compositions based on the impedance values produced from four limbs while Zeus 9.9 estimates are based on impedance values from two arms only and four empirical variables that are age, sex, height and weight. Therefore, this may result in significant differences in body composition value. Another reason may be due to the differences in quality control status at each center and inter-observer variation [8] . In this study, to avoid inter-observer variation, we had a trained nurse at each center manage all the processes for the survey period. However, problems related to quality control and intra-individual variations are unavoidable. The most duplicated values showed excellent inter-rater reliability ( > 0.90) and the differences between the two correlation coefficients at centers X and Y were small (under 3.4%), while the duplicated results on MM showed fair reliability ( > 0.69) at center Y and had excellent reliability ( = 0.89) at center X. Most of the mean differences of body composition values except total body water was greater in center Y. It might be caused by the characteristics of each center but the differences were not significant.
Time change can lead to different results in the same individual [9] . In this study, to minimize variability according to time, two machines were set side by side in the same room and measurements were conducted consecutively by the same nurse. At center X, subjects were measured with machine A and then B, while at center Y, subjects were measured in the reverse order. Our results demonstrate the correlation coefficients for most body composition values were similar, except for MM. Quality control issue at center Y and time variability were not thought to have resulted in the low coefficient for MM since the other coefficients regardless of center and body composition values were all high (nearly 0.9).
All random values in all the regression analyses regardless of inclusion of the four empirical variables were distributed around '0' which suggests that efficient adjustments were performed through statistical techniques. However, some regression models using only body composition values measured by machines A and B or addition of age and sex were not feasible due to relatively lower model fitting. The regression models that included age, sex, height and weight for statistical adjustment fitted very well for all body composition values. In the aspect of R square value, the models that included interaction terms showed a better fit but the degree was minimal (R 2 increased less than 0.1), thus concluded models without the interaction terms are preferable for availability.
Based on the KoGES data, this study aimed to detect the feasibility of whether body composition values produced from the two machines can be integrated through statistical compensation models using regression equations including age, sex, height and weight. This study showed that quality control and assurance issues in information collection are important in multicenter based research such as the KoGESand other multi-center cohorts. Thus, the KoGES needs to pay close attention to quality control and standardization when conducting survey processes.
